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RAINFALL MAPS OF LATIN AMERICA. 
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INTRODUCTION. 

rpared 
where this society's splendid library o f books and maps 

The accompanying rainfall maps were 
origjnally in wall-map size as a part of the wor of the 
Latin American Division of the House Inquiry, New 
York City, June-December, 1918. The studv was made 
in the building of the American Geo raphical Society, 

was readily available. 
The sources of data were numerous, though the data 

were limited. The various libraries in New York City 
were consulted. In  some instances data were gathered 
from private libraries of corporations. Individuals who 
had vlsited portions of the regions were called upon to 
to contribute what data they mi ht  have gathered and 

ernment libraries rn Washington, D. C., were referred to, 
and many men in the Government scientific departments 
ave generous aid-both data and criticism of the maps. 

%e circumstances, therefore, under which these maps 
were constructed were highly favorable. In  fnct, it  
would be difficult to reproduce them, excep ting under 
some such urgency as was brought about by the Great 
War. 

The first two questions requiring careful consideration 
were: (1) On what type of base map should the data be 

lotted, and (2) how should the data be treated? The 
grst question was the more easily answered. A new 
hypsometric ma of Latin America was in course of 

work did not ro ress on this as rapidly as hoped for, 

Goode Series was put into service.' Maps of Mexico and 
Central America were adapted from Mexican Govern- 
ment maps. 

The second question, relating to data, presented a 
number of problems. Data for most of the areas are scarce 
and, with few esceptions, not wholly reliable. The 
records for most stations are of short term. Further- 
more, they are not always for corres ondin periods and 
hence not always comparable. Whfe the 8ata ought to 
be reduced to a common base, their irregularity in so 

respects made this impractical, and so i t  was 
deci manfI ed to plot them without modification, but in the 
drawing of the isohyets to use the greatest caution, 
bearing in mind these inaccuracies. Consequently, the 
drawing of these isohyets resolved itself largely mto u 
matter of interpretation. 

to give of their experiences and o E servations. The Gov- 

preparation whic B. it was planned to use. Unfortunately, 

and therefore t % %  e ase of the South America map in the 

. . . . - . .-. - .- .. 

1 This Beriea of ma 8 is published by Rand McNally 8: Co., Chicago, who very liindlp 
permitted the use opthe base. 

82371-22-1 

Figures done could not suffice where inter retation 
plays so lar e a part. The distribution of the fighlands 
and lowlan B s, the prevailing winds, the drainage systems, 
were given considerable wei ht. Where data on humidity 
and evu oration were avai f able consideration was given 
them. ' h e  nature and distribution of the vegetation 
and character of soil were oftentimes used as determining 
factors. In other words, every piece of evidence that 
mi lit shed some light on the probable course of the 

It is not supposed that these mapsa are in any way a 
final statement of the distribution of rainfall in Latin 
America. It may require another 75 years or longer 
before we have enough accumulated data to produce an 
accurate map. These maps are only intended to serve 
as a slight contribution to the slowly accumulating 
knowledge about our neighbors to the south. 

In  the followin paragraphs a brief account is presented 
descriptive of t fl e rainfall distribution. One of the 
interesting problems in the determination of this distri- 
bution is described as illustrative of numerous problems 
still to be solved. 

is0 a yet was brought into play. 

RAINFALL I N  MEXICO. 

The distribution of rainfall inMesico is controlled by the 
northeast trades and the extension of the great Hawaiian 
and Azores high-pressure areas over North America during 
the winter season, coupled with the presence of north- 
south mountain ranges of considerable elevation. 

ressure over North 
America results in a shift of the win B s from northeasterly 
to norther1 . These winds, blowing over the continental 

relatively dry, and hence result in bringing about only 
&or quantities of rainfall. Occasionally the winds blow 
from other directions, but a t  no time are they suffi- 
ciently marked to increase the rainfall notably at any 

greaks down over the northern part of North merica, 
and the northeast trades became well defined. As they 
blow across the 'warm waters of the Caribbean Sea and 
the Gulf of Mexico, much moisture is carried inland upon 
the highlands of Mexico. 
heavy precipitation. The seasonal shifting of the wind 
is quite regular, hence the variation in amount of rainfall 

In  the winter season the high 

mass of t T ie United States and northern Mexico, are 

the $essure iven point. As summer approaches, 

The result, of course, is fair1 

~ ~~~ ~ 

: Thc isoh et9 of Central -4merle3 although drawn in full Unes should be considered 
at best, as dse a proxinutions oniv. The same mav be said odthe isohyete for Boutd 
America except Tor certain arts of the South Tem'perate Zone. Mention should bo 
mude of 'a very recent contri&tion upon the r & U  of Chile by Prof. b¶srk Jerbson 

tion hS8 rrppearefsince the manuscript of thehbok h i d e  \v9s &ceivcd.--RDlnia. 
AMeriC!bIb GCOgscr L&l SOCiCl# Rurearch Series NO 7 NQW Ymk 1921. T h  publid 
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is quite as well clearly marked. In  the case of Cliihua- 
hua, in northwestern Mexico, the increase from almost 
nothing during the first half of the year to some 200 mm. 
during July is noteworthy. This, however, is a pure case 
of the influence of highlands upon precipitation and local 
wind conditions. It probably also is affected by the 
low- ressum areas common in this part of the continent., 

the Gulf of Mexico. To be sure, it  is an indirect process, 
but nevertheless it is effective. Just what r61e cyclones 
and anticyclones play in affecting the climatic conditions 
of northern Mexico is not well understood because of the 
lack of observations. I t  seems, however, that this must 
have a strong influence, in view of the effects in Texa.s 
and the other bordering States of the Unit.ed States. 

Records for brief periods of time indicate prevailing 
winds for scattered 0int.s as coming from dire.ctions 

northeast t.rades. This inclines one to the 
shift belief t at  too much emphasis has been placed upon the 
influence of northeast trade winds in Mexico, and insufi- 
cient upon t.he likelihood of cyclonic and an ticyclonic 
influences referred to above. 

Three characteristic winds along the Pacific coast 
influence the distribution of rainfall. They have special 
names. The northers, when sufficiently st,rono to blow 
across the plateau lands into the more sout%westerly 
parts of Mesico, and accompanied by clear weather, are 
called Papagayos. Southwest winds, resultin in a rainy 

, At the beginning and the endin of the rainy season, well 
defined thunderstorms of consi erable roportions, seem- 

whic R carry in a considerable amount of moisture from 

other than those whic R one would expect in a system of 

season during the summer time, are known as !r umporulcs. 

ingly coming out of the east, are + calle Cliubasco~. 

RAINFALL I N  CENTRAL AMERICA AND P.4XAMA. 

The northeast trades on the Atlantic coast, and the 
southwesterly winds of the Pacifk coast, the latter 
sometimes said to be a new direction of the southeast 
trades as they cross the Equator, are the controlling fac- 
tors in the distribution of rainfall. However, it is essen- 
tial to call attention to the fact that these winds do not 
always reach over the land, but are occasionally sup- 
planted b a local circulation which brin s about an effect 

the popillarly better-known winds. The trades of tl in 
Atlantic coast and the southwesterlies of the Pacific 
coast are fairly constant over tohe water bodies. The 
eneral conditions for the west, coast and the e s t  cortst 

wholly d' 4 erent from that which might f e espected from 

follow. 

teracted the infiuence of the 
be said, in PO ular terms, to 

called the Invierno. This 
severity until about June, 
and is followed in a month or two b a relatively dry 
season known as the Verunillo de Sun 3 ,tian. There a y i n  
follows an increase in precipitation, not so great as t at  
of the first maximum, after which there is a decided re- 
duction in rainfall or, in other words, a return to the 
dry season of the first part of the winter. Most of the 
r d J 1  occura in the form of thunderstorms and, there- 
fore, may be said to be an afternoon phenomenon. 

. 
the coast. &is dry period 

These tliunderstorms are daily and occur with almost 
clocklike regularity. 

East coaxf.--In contrast, with t-he west coast, there is 
110 real dry season along the east coast, although the 
curves for stations dong the east coast would seem to 
show a distinct dry season. The dry season, however, is 
only relative, that is, it rains less at one time of the year 
than rtt mothcr. There are two such depressions during 
tho gear: One in the springtimr., and one, niuch shorter 
a id  less well mzwked, i n  t.he late summer and early fall. 
Iluring the northcast trades froni October to about Jan- 
uary, the ruins art! nlmost continuous. A second rainy 
s(moi1 occur3 from Juiic to August. The first rclntively 
dry seawi occurs from February to April, while the one 
lcss well niarkocl makcs its appearance rather uncer- 
tainly during a late summer or early fall month, such as 
Auwst ,  Srptembcr, or early October. 

eriods and 

estcnding from southern Mesic0 to Colombia in South 
America, but is cqiially true for practically nll of t.he 
West Indies. 

Thc division of the year into two rainy 
two dr,v periods is not only characteristic of t Y le territory 

RAINFALL IN SOUTH AMERICA. 

The distribution of rainfall in South America is a €actor 
of the tlistribution of highlands, lowlands, and water 
bodies, versus atinospberic circulation. The shifting of 
wind systems produces a variation in the amount of pre- 
cipitation in the several regions of South America, as 
noted in detail below: 

The rttinfall areas of South America im ress one with 
their synunetry, correspondiiig to that of t R e distribution 
of highlands and lowlands. 

South Anierica may be readily divided into certain 
rainfall provinces : 

(1) A wet northwest Pacific slope. 
(2) A dry central Pacific slope. 
(3) A wet south Pacific slope. 
(4) A wet northern interior. 
(5) An intermediate southeast interior and coustal rc- 

(6) 9 local Brazilian 
lhese six areas may 
(1) The slope of the 

gion. 
r \  

of Panama to latitude 
(2) The western slo e of the Andes, from latitude 4" 

south to 36" south. &is zone extends over the crest of 
the Andes in latitude above 30" south, and continues along 
the eastern slope through Pat onia to the Atlantic coast, 

(3) Latitude 35" south to Fp. Horn. 
(4) Essentially the Amazon 
(5) The Grail Chaco, Paraguay, Uruguay, northern 

Ar entine region. 5) Three islands of diminished precipitation in the 
States of Ceara, Rio Grmde Do Norte and in extreme 
northwestern Brthia, extending across the Rio Sao 
Francisco into Pernambuco as shown on the chart of 
annual precipitation. I 

erhaps worth while to note the characteristics 
of the sf3ting winds as affecting the increase or decrease 
of rainfall in these regions. The heavy rainfall in rcgion 
(1) is due to the revailing southerly to southwesterly 
winds, occurring &ring essentially each month of the 

iver Basin. 

It is 

._ - - - - .- -- ___ 
a The author's rainfall mm s, wlth his consent, were submitted to Director Smmpaio 

Ferar of the new Brmcilian 8eteorologid Servios durlng his reeent vlsit to the central 
omcs 01 the Weather Bureau. Director Fcrraz vblunteered to 8u ply dmta for north- 
wtern Brazil, evidently not avallmble to the author. These dmta!ave bean furnished 
and the Isohyets of the o 
The charta of wlnter m%ummer precipitation m, however, 88 presented bsi 
author.-EDlmR. 

a1 ehart of annual rainfall have bean modttied mecord 
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Tear, due to the probable influence of the permanent 
South PacSc hqh- resswe area and a strong sea breeze. 

u on a highland slope, are diverted upward and de leted 

should be noted here that the influence of the South 
Pacific HCGH is doniinaiit immediately alon the west 

in the ocean. These currents cause a considerable dif- 
ference in tem erature between the air over the water 

ment of the air. The ramfall in region (2) is strikingly 
small; in fact, the region is a desert. Along this part 
of the comt, the winds from the South Pacific HIOII 
parallel the coast, producing essentially no effc. 

moisture as they rise over the crest of the Andes and 
descend on the Pacific slope. These winds, descending 
from great heights, become evaporating rather than 
precipitating winds, and so intensify the aridity of the 
coastal strip over which t-hey blow. This statement 
holds true as far south as latitude 30' to 33'. Beyond 
this latitude, where the desert area laps over into kata- 
gonia, the belt of prevniliii westerlies is encountered. 

eastern slope, they play the same rele which the south- 
easterlies layed iibove. In  region (3) the prevniling 
westerlies \lowing from the Pacific are heavily laden 
with moisture. As they rise over the slopes of the h d c s  
their moisture is condensed, resultin in hepvy reci I- 
tation upon the windward const. 811 resion r4) 'tp;e 
doldrums control the situation. Tliese win s,. consisting 
of warm, risin air, precipitate their moisture in the area 

Since the air currents are essentially a1 vertical, and the 
teniperatures a t  the surface nre relatively high, the alter- 
nating processes of eva oration and preci itntion result 

is rather estensive? is influenced by the southeast and 
northeast trades, respectively, as the wind belts shift 
southward and northward. -4s a consequence, on thc 
outer borders of the! doldrums there are t.wo rainy seasons. 
In the region of the Guianas, tmhe doldrums are effective 
in June.' At the sitme t h e ,  the southeasterly trades 
have moved nort,hward to a proximately the latitudc 

over the southern Brazil and northern Pnraguay. As 
the doldrums shift southward during the nest sis months, 
a short dry period intervenes in the Guianas, followed by 
another wet period due to the more southerly estension 
of the northeasterlv trades. 
the southeast trades have moved farther soutE:$ 
resulting in a dry season for southern Brazil and northern 
Paraguay. The nest year the process is repeated. 
Throughout the entire year, however, the doldrums arc 
effective in the immediate vicinity of the Equator a!ld 
east of the Andes highlands, causi only a slight vam- 

Equator and about So north durin5 June, a little less 
between the E uator and about 8 south during the 

In re ion (5), where the rainfall is intermediate, the 
principi factor is the southeasterly trades. There 
results an alternating dry-and-wet period, the dry eriod 

farther south, and the wet period in June when they are 
farthest north.' The flatness of the land 'permits these 

These southwester P y winds, blowing across the Paciiic 

o r their moisture as t,heir temperature is lowerel. It, 

coast of South America, because of the cod  f currents 

and that over t ?l e coast, giving rise to a landward move- 

it, while the prevailing sout-heasterly trades lost: =ct u%oll t eir 

As these winds pass over t B e Andes and descend the 

P over which t % ey rise when reachin 

in a heavy rainfall for t i e  P entire basin. TIe arca, which 

high altituclcs. 

of the Equator and inqreased t K e amount of precipitation 

During this same 

tion in the amount of rainfall, a litt "8; e more between the 

following. Decem z er. 

occurring in December when the southeasterly tra cp es are 

4 June and December are mentioned as representanve of winter and summer seasom, 
respectively. 

winds to penetrate far inland and distribute their 
moisture rather evenly instead of in concentrated form 
at any particular point? with a possible exception of 
limited areas along the coast in the latitude 23i' south. 
The explanation for the semiarid regions in northeastern 
Brazil (6), is not available. Theories have been offered, 
but are not sufficiently well founded to warrant their 
acceptance. 

THE PROBLEM OF THE LLANOS OF COLOMBIA AND 
VENEZUELA. 

Exact data for the region are not available. Descrip- 
tions by a few explorers of sections of the territory 
some light. The most strikiiig feature, which to %:. 
has had no sntisfactory explanation, is the treeless char- 
acter of the interstream area. These regions are occu ied 
by tall grasses, mostly succulent,, while the banks o P the 
numerous rivers which drain the land are lined with a 
dense forested growth. dway from tho rivers the vege- 
tation occasionally shows scroph tic characteristics.5 

In  the absence of figures the &tiibution of recipita- 
tion tlxrou&llout the year can only be describe c r  niore or 
less hypotyietically: The gear is characterized by two 
seasons, a wet and a dry, with the dry season perha s 
slightly longer than the wet. The rainfall during t E e 
dry season ranges perhaps from 50 to 250 millimet.ers 
and for t.he wet season from 350 to 500 millimeters, 
totaling for the year in the neighborhood of 1,000 to 
1,200 mm. The last figures include the rain of the transi- 
tion months from wet to dry and dry to wet. This dis- 
tribution in it.self might account for the nature of the 
ve etation. On the other hand, escessive porosit of the 

ment of the same floral scene. The absence of trees 
could hardly be credited to natire infertility of the soil. 
The soil should be hi Ny fertile, since it is derived largely 
from the Cordillera % riental, an igneous highland. 

nucity of trees is the response 
to a coinbination of high& porous soils and an estended 
dry season.@ Hettner describes the absence of trees in 
the up er Magddens to the high porosit of soils. 

origin, it  becomes quite possible their porosity plays a 
significant part. 

Tlie dry season is sufficiently long, evidently, to make 
the veoetation dry enough for burning, for the area is 
burnegorer quit,e frequently. If ever there were trees, 
the burning over annually would in itself soon rove a 
erinanent c.lieck to tree growth. The remova P of the 

forest mi ht  induce an increased rate of evaporation 
and there P ore tend to check precipitation locally. Burn- 
ing also reduces the soil fertility after the succeeding 
third or fourth years when the soil becomes decidedly 
acid7 

The absence of trees, then, may or may not be an 
index of low precipitation or even of a long drou ht 

quantities even during the dry season and yet allow of 

soi 7 could constitute the dominant factor in the &velop- 

It is possible that the 

Since t f ie soils of the llanos must have somewiat similar 

period. Precipitation might be of very apprecia % le 

5 The general description here given is derived primarily Irom the following sourcas: 
Bingham H.: Journal olnn expedltion across Venezuela and Colombia, 1908-7. New 
Hettner A.: Die Kordillere VOD Bogota: Pclcrmann's Millrilungrn, Ergituzungshelt 

Rice, Hamilton: Oeop. Jour., vol. S S I ,  pp. 401-418, 1903; vol. XSSV,  pp. 8S2-7lB, 
1911.1. voi YLIV 137-11 1911. 

Cia Gi Prah&.: Thedistribution of plantlifeinColombia: Am. M w .  Nall. Hfri. 
Bull. fSStI, 1917. 

6 See note I, supra. 
t The questim oI soil acidity resulting from burnlng over, is still cmuidered unsettled 

in the Cnitcd States. In nurthern and nurthwestern Germany whera burning OVM has 
been the customary spring or I d  practice, tho Governmelit (in lUlS pruhlbited it. 
The results of investigation by agricultural experimerrr stations l o w  &at the IertiUty 
is incrased for on1 from I to 3 or 4 years, alter whch a period of 25 ye: rs must elapse 
before the uriginalhlity returus. 

Haven, 1!30i. 

xs11.1mb. 
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burnin Onl a few weeks of dry weather, with the 
sun w31 in de zenith, and hence its rays essential1 
vertical, are suflicient to make the grasses drv enoug 
for ready combustion. In  northeastern Minnesota, 
where the annual precipitation is about the same as that 
in the llanos, namely, 750 to 1,000 mni., the rainy season 
occurs duri the summer months, with a priniwy 

Pet  during late October and November forest and 
prairie fires are not uncomnion. It is true that the 
pine trees invite fire, but the grasses are probabl iis 

succulent as those of the llanos and even these turn 
readily after a short dr season. 

light on the amount of rainfall, and the amount of 
rainfall so fw as it is known does not in itself seein to 
account for the vegetation. For the resent, and until 

season is due to the moisture carried inland by the 
northeast trades, encoura ed as it were, to enet.ra.te 

the Cordillera Oriental and the Euiana highlands, 
combined with local excessive heatin which induces 

of the area. The met season results froin a northerly 

E 

mLuimum in Y une and secondary niasinium in September. 

The vegetation of t i e llanos, therefore, t,hrows little 

observations through a series of ears ?I econie available, 
the assumption remains that t l e  j i  rainfall of the dry 

so considerable a distance, % y the trou h forme a between 

a lower pressure than that existing to t % e northeastward 

extension of the doldrums during June, July, and August. 
These, however, are probably not so effective as farther 
south, owin to the intensity of local convection, which 
may be s d c i e n t  to carry moisture to elevations of over 
15,000 feet where strong westerly winds of the up er 

condensation is accomplished. 
No mention is made in the literature, of a local 

mountain wind from the Cordillera Oriental correspond- 
in to the chinook of North America or the bora of t-he 

from differences in temperature between the crests o T bfriatic. It seems possible that a 1oca.l wind resultin 

mountains and the plains below might develop during 
the doldrum period, when convection is strong over the 
plains. -4n accumulation of cold air on the mountains 
iii sufficient masses could gain large momentum moving 
down the rather steep slopes and develop int,o evaporating 
winds of consequence. This would tend to counteract 
some of the recipitation which normall should fall in 

ation of the area might reveal the presence of such wmds. 
The question, then, of the cause of the apparent 

dryness of the llanos and the absence of trees in inter- 
stream areas must remain in the hypothetical stage. 
The statements here offered are presented as suggestions 
and possible bases for further inquiry. 

air circulation can carry the water vapor away be P ore 

quantity un 2 er the doldrum influence. h r t l i e r  explor- 

SOME 1LLUSTRATlVE TYPES OF LATIN-AMERKAN RAINFALL.’ 

By BEBNARD 0. WEITZ. 
[IVwhiiigtoi:. 1). C., Nov. 15,1921.1 

5 ~ / . ~ - 7 8 - /  ( 8= 6 )  

51’10P51’;. 

The following is a discussion of a fe!v graphs showing the mont.lily 
distribution of rainfall at selected sta.tions in Latin .4merica. Thfse 
have been grouped as follows: 

1. Mexico, Central bmerica. and the West Indiee. 
3. Western coast of Youth America (,3 wctions). 
3. Northeastern South America and the basin of the .4mazon. 
4. Eastern Soiith America, Brazil, Argentina. Paraguay. and Uru- 

guay. 
INTRODUCTIOS. 

ared to supple- 

the precipitation 
in t,his REVIEW. 

I t  is of interest 
controls of Lat,in Anierica, not only on the mnual and 
seasonal distribut,ion of rainfall, but also the precipl i a- 
t,ion from month to month. 
- Twenty-fire represent.ative st.at,ions were seloct,ed, 
enibracing the various types of rainfall found t.h.rough- 
out the region. The effects of prevailing winds, shifting 
wind belts, mountains, and ocean currents is to produce 
a diversity of rainfall ty es. When we correlate t.ho 

climatic cont.rols nientioncd above, the explanation of 
t.he diserent types usually becomes apparent. The 
characterist?ic distribution and climatic factors affecting 
t,hese types are discussed. 

Nexaeo, Central A.mwTiea, and the West Zndies.-Over 
this entire area the most important of the recipitation 

winter maximum on windward coasts and mountains. 

geographic coordinates o P various localities with the 

controls is the northeast trade, with its c R nracteristic 

1 The re Y I‘ ion 01 this aper was begmi in connwtion with 3 nourse in “Climatw 
of the \For%‘’’ .mducted fy Prof. C. F. Brook.., at Clark University Summer School 
1Y21. 

a In order to get the longest normals conveniently av3llatk, the following were referred 
tu: 

( a  Hann’s Handbwh der Klhnatdugic Stiittgart lBWlB11 vola 2 and 3 
f b j  V m :  M~dCT8ciuag8U~rhd&71Issc mu ‘Sildamrrik)a, PPterm;?lss kitfeilu&i, Coths, 

1907. 
It is mogniz8d that the averages given are in iomc ass based on’dorl: rec:ords, but 

It Is obviom that.the essentisl charscteristics of longer rrcords, with respect to seasonal 
distribution of rainfall, would be the ssme. 

The southern partl however, especially the leeward 
shores (cf. Panama), is subject to the niidsummer con- 
vectional rains accompanying the northern position of 
t.he heat equator belt of ca.lms (doldrums). 

In most of Mesic0 the annual nunimum comes during 
the winter and early spring, the region being too far 
south to be affected much by the southern estensions of 
strong estra-tropical LOWS. The masimuin comes late 
in summer, the moisturo for these convectional rains 
conling from the Gulf of Mexico. Mexican rainfall ma 
be described as the marginal tropical type, the trade-be 9 t 
rains being affected b the migration of the equatorial 

of the sun. During this time the trades seem to strike 
the windward coast from a more easterly direct.ion than 
during the winter, when they blow from the northeast 
and have a drying influence. 

In  the West Indies the principal control is the north- 
east trade. Owing to the east-west trend of the nioun- 
tains in Cuba, Santo Domingo, and Porto Rico, the 
northern and eastern coasts are much moister than the 
southern coasts, and the monthly distribution on the 
windward side of the mountains is also more equable 
than on the lee side. The minimum occurs in February, 
with another secondary minimum in midsummer, when 
the trades are weakest. 

Over the Isthmus of Panama rains are fair1 heavy.‘ 

whole, two annual rainfall maxima, one in May and the 
second in October. The seasonal minimum occurs dur- 
ing the first three months, March usually being the driest 
month. The rains are, to a large extent, convective,5 
thunderstorms being frequent, especially over the Isth- 

rain belt with the nort Tl ward and southward movement 

Here we again find, consideriug the Canal k one as a 

~ - -  
3 R. Doc. Ward, I’limale, C. P. PutnamC Bons, 19C$-lQl8, pp. 84-85. 
4 F. D. Wlllson The clunatdogy and hydrology of the Panama Canal, RWeeding6 

6 H. G. cornttwaite, Panama kinmi ,  ~ 0 - m  vG%=n R ~ V I E W ,  ~ a y ,  1919, 
International En her ing Congress San Franclsco Calif. S 
47: 298-302 

t. 10-25 1815. 


